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There are two possible approaches to applying ion implan-

tation to the modification of the corrosion behavior of metals

and alloys. The first approach is to use ion implantation to

produce metastable or amorphous corrosion-resistant surface

alloys that are inaccessible by conventional metallurgical

techniques, and to apply them to specific applications where

corrosion is a severe problem. Secondly, and of a more funda-

mental nature, ion implantation can be used to introduce con-

trolled amounts of various elements into the surface of a metal

as part of a research effort to identify the mechanisms responsi-

ble for certain forms of general and localized corrosion. The

technique of alloying to produce more corrosion resistant materials

is widely used and the choice of a particular alloying element is

usually based on the fact that it will enhance the formation of a

passive film or will reduce the rate of the various cathodic pro-

cesses that occur on the metal's surface. It is also possible to
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reduce the overall corrosion rate by introducing an element that

displays rapid cathodic kinetics, but it is essential chat the

original material passivate in the corrosive environment that is

being considered.

Aqueous corrosion proceeds through an electrochemical mech-

anism and there are various types of electrochemical techniques

used to evaluate the corrosion resistance of alloys. Linear

polarization and Tafel region extrapolation have been used to

evaluate binary Fe-Pb and Fe-Ti surface alloys formed by ion

implantation. The instantaneous corrosion rate of the Fe-Pb

alloys in 0.1 N II.SO 4 was approximately 3 to 4 times lower than

that of pure iron. The reason for this is a decrease in the

hydrogen exchange current density caused by the presence of the

lead, which is a oisoi. for the hydrogen evolution reaction.

The corrosion rate of the F-Ti alloys was approximately two

times hiqhcir thain that of iron. Auger analysis of the Fe-Ti

alloy before exp.osure to the acid solution indicated that TiC

was in the reoion about 4.5 to 34 nm from the surface. SEM

analysis f ]]o)winq th,, electrochemical tests revealed the presencu

of square flat-bottomed pits, a morphology which is usually

associated with inclusion etch pits. Thus, it is proposed that

the square pits may have been formed as TiC precipitates were

etched from the sample surface.

The impintation of zirconium into iron reduces the

corrosion rate Lv an order of magnitude by enhancing the rate

of .assivation in a 1 N H2 sO 4 solution. The corrosion rate is

still consideralf]v higher, however, than that observed for an
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amorphous Fe9 0 Zrl 0 coating even though the near-surface concen-

tration of Zr in the implanted sample was estimated to be 20 to

30 atomic percent.

The implantation of Ti into 52100 steel results in the

formation of an amorphous Ti-Fe-C surface, which provides

modest improvements in corrosion resistance in 1 N H2SO 4 and

0.1 N NaCl. The anodic current density in both solutions is

about 10% that of unimplanted 52100 steel, up to an anodic over-

potential of about 800 mV. Pitting, which is initiated at low

overpotentials, leads to undermining of the implanted layer and

its eventual peeling off at higher potentials. Detailed optical

and surface analytical studies show that the pitting initiates

at surface flaws, which are most likely surface carbides or oxide

inclusions. Galvanic action between free Ti beneath the oitted

amorphous film and Fe in the bulk steel thus leads to undermininq

()f the amorphous layer.

The effect of the implantation of various ions on the pit-

ting corrosion resistance of 52100 steel in a 0.01M NaCl solution

has been investigated. Molybdenum implantation provided very

little improvements; however, a combination of both chromium

and molybdenum significantly increased the breakdown potential

for initiation of pitting corrosion. Finally, tantalum implantation

proved to be the most effective in protecting the surface of the

52100 from pitting corrosion.

Present Address: Naval Research Laboratory, Code 6675, Washington,

D.C. 20375

138



TABLE 1. - Corrosion rates, expressed in mils/vear, in 0.1 N H2,

for several different metals and ion-implanted alloys

using two different test methods, Tafel extrapolation
and three-point linear polarization

Test Fe Fe-Pb Pb Fe-Ti Ti

me tl.od

Tafel

extrapolation.. 50±2 12±2 0.42±0.1Q 96±22 0.69±0.04

Linear

polarization... 32±- 16±10 (1) 55±47 0.98±0.52

ICould not measure corrosion rate due to cathodic Tafel slope being

indeterminate.

139



+1000 
1IN H2S04

0

-1000

LOG I
E j* Idealized PotentiOdy!namie Polarization~ sear (c2urrent V.v~

characterist-c) for a~ ferrous alloy in~ 1N H2S at room~ te~ne~j~
The dashed 1i ne indicates an imrprovecntin t4 S~~iyo hsurface and therefore improved corrosion resictance.

140



low

0

.00
U)V
00

'20
0 0

xCD
0

00

z141



-. Q) W0
U1 H~

Cl 4~)Za C: C4.) 4 co C')
(1) *a)d t W CO r-40r.a) 4 a)z :

Cc'. 0 - - 43 V)S. 0
0 0-P.0-v

0 14 ), a,

OHa-H U) a) 0 .' c 0 4 fla)C0

MS-4 CO- a) 0 U. Q)- U- - .,-4--4V -4 C .
0 c () 1 a)'04 0 :3 -HO a) 0~~- 0 o0

0HH a) 4-)0 0 b *HO a)
a .- ab _)Q. W d- v 1C 8 C :

a) 0--'- .3 - c 0 ) C3 -
tw ca >. c 0. a)0 Q) > H $I

4-*H4 *U l0)>,d r- HC l)-0
-H M 0 4-' - . 4  r-4 -4 F-~ er

r--0I . 'aVH I- 04~ CJ .- 0 14 vC
a, r4 ) a)-0Cla r- 00 4o-

Ei ,q) -C)00 ) - -- t-0 w- )1. a
40 -) & H ;- C4)

U z E- 0-4- c- - -' 0-' 0 0 ) > , V )-~. > -
"0~ ~ ~ V)0 O>.- P L1-J- C

U0 $ -4- t*H o 0 cl R C) >.~ 4-)

p-~-..' C20 -H C)-.- 0 0 0-4- 0

Cdda, CU - -. , - a) t a, " 0.C~
a,) a 4- - H O. C00 -. 0 ro 1G )

EO "o 0 r E ) Q - CdO -) M 1- 0aa,4

r--r 0 4- -l tOl. -1 0. 03 C,- C T Q G

0 0F-4 CO- r.) - U 4 -4 U d CZ) r-,
0 gC- - 0I)c

a) "
C.0- r_1l

a)MT 0Z CcF
0 : :5 C G ) -4-' Q C

-4C0 - c "1 1) 1 3 0 1> r -
al0 4Cd ()E ) - o A .V ;

142 - -304) 0S 9 AC,1



10-S

Fe

Fe Fe-Pb

10-'

Fe-Pb

E

I 0"

(n Pbzw

z

C-)

-0.07 -0.05 -0.03 -0.01 0 0.01 0.03 0.05 0.07

POLARIZATION, V versus N.H.E.

FI(,UFF 3. Current density no n function of sample potential for Fe, F!,
and Fe irmp~hried with 30 keV Pb+ such that the final retained
doot-~ wa-r 1.6 x 101-0 atoms/cm2 . The potential is shown as volts
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FIGURE 4 .Current density as a function of sample potential for Fe, I
and Fe implanted with 50 keV Ti4 to a total retained dose of

71016 atoms/cm2 , with the potential shown as volts from the
SSOC potential.
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FIGURE 9 Potentiodynamic anodic polarization data produced In buffer solution of pH6 contalnigg
0.01H NaCi for 52100 steel, and for 52100 steel implanted with molybdenum (3.5 x 101
ions/cm2 . chromium (2 x 1017 ions/cm 2 at 150 keV), chromium plus molybdenum
(2 x 101 Cr/cm2 at 150 keV. 3.5 x 1016 No/cm

2 at 100 keyV, and tantalum (1 x 1017
ions/cm2 at 150 keY). The curves Indicate that tantalum was most effective in
rrotecting the surfnne from nitting corrosion.
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